Samples of amaranth and cabbage from Zanzibar were analyzed for heavy metal concentrations using Energy Dispersive X-ray Fluorescence spectrometry (EDXRF) of Tanzania 
INTRODUCTION
Vegetables are common diet taken by various populations throughout the world due to their richness in vitamins, minerals, fibers and anti-oxidative effects. However, leafy vegetables such as amaranth and cabbage are said to be good absorber of heavy metals from the soil [1] [2] [3] . Reports have shown that, vegetables grown in rich heavy metal soils are also contaminated [4, 5] . Vegetables take up metals from contaminated soil through the crop roots and incorporated them into the edible part of plant tissues or as a deposit on the surface of vegetables [6, 7] .
Amaranth and cabbage are the most consumed vegetables in Zanzibar, which are either grown within the islands or imported from the Tanzania mainland. This study is the first to analyze heavy metals in vegetables consumed in Zanzibar. However, several researches have shown that vegetables grown in some parts of Tanzania mainland are contaminated with heavy metals [8, 9] . Othman (2001) analyzed vegetables, from Ukonga, Kiwalani, Tabata, Buguruni and Sinza in Dar es Salaam, which were cultivated along high ways [9] . Bahemuka and Mubofu (1999) reported data from samples collected in regions within the proximity of River Msimbazi [8] . In both studies high concentrations of Cd, Pb, Zn, Cr and Ni which were above the permissible limit set by FAO/ WHO were reported. Vegetables from these and other areas in Tanzania mainland might be among the stock imported to markets in Zanzibar. The concentrations of heavy metals might as well be high in vegetables grown in Zanzibar. This is because vegetable farming in Zanzibar includes application of manure and chemical fertilizers, which are reported to be a source of metals in food [10, 11] . At the same time, most of the vegetable farms are situated along highways which might be receiving deposits of metals from vehicle emissions.
Heavy metals such as Cr, Mn, Zn, Cu, and Fe are considered essential components of biological activities in the body, however, in excess are reported to cause problem to human [1] . On the other hand, Pb, Cd, and As have no important functions in human body rather play toxic role to living organism, hence are considered as toxic elements [1] . Heavy metals are toxic because they react with body's biomolecules, clog up receptor sites, break and bend sulfur bonds in important enzymes such as insulin, and damage the DNA [3, 5] . For instance, most of the accumulated Pb in a body is sequestered in skeleton, where will have a half-life 20 -30 years [12] . The high gastrointestinal uptake and the permeable bloodbarrier make children more susceptible to Pb exposure than adults. Children exposed to high concentrations of Pb may develop behavioral disturbances as well as learning and concentration difficulties [13] . Cd is carcinogenic even in low concentrations and renal effects may also result due to sub chronic consumption of Cd [14] .
Urban West (UW) Unguja, which is the major town of Zanzibar with a population of about 400,000 people [15] . There are several small scale farms of vegetables mainly amaranth and cabbage scattered all over the outcast areas of Zanzibar town. The majority of the farms are located along the main roads for easier transportation to the markets. There are also very few small scale industries in Zanzibar which are all located in Zanzibar town. The vegetables are grown in all seasons of the year, having to be irrigated during dry season. The irrigation is normally conducted using tap water and water from tube wells. The use of pesticides and herbicides are common practice especially for cabbage, because cabbages take a longer time before being harvested than amaranth, hence they need more protection from vermin. The cultivation of amaranth uses mostly manure as type of fertilizer compared to cabbage where chemical fertilizer is preferred.
30 samples of amaranth and 25 samples of cabbage were collected randomly from two markets and 4 farms (production sites) in the Urban West Region of Unguja, Zanzibar. The farm sites were Dimani, Mwera, Chukwani and Migombani while markets were Mwanakwerekwe and Darajani (Figure 1) . The samples of amaranth and cabbage were each grouped into two, FL for sample collected from farms and MK for samples purchased in the two markets.
The leafy part of each type of vegetables was well washed with distilled water and chopped into small pieces in order to facilitate drying at the same rate. The dried samples of cabbage and amaranth were ground using electric grinder and then sieved to obtain fine powder (size < 0.074 mm), which were then stored in well labeled polythene bags and transferred to the Tanzania Atomic Energy Commission (TAEC) laboratory for analysis. 14.7 g of the sieved powder of samples were thoroughly mixed and homogenized and be compressed into pellets of diameter of 32 mm to give reproducible irradiation and counting geometry. The elemental analyses of samples were conducted using a bench top energy dispersive X-ray spectrometer of TAEC in Arusha. The machine which is operated by automated turbo-quant X-lab Pro TM software was operated at a rate of 50 W and 50 kV voltage and the florescent X-rays were collected by a Si(Li) detector having a resolution (FWHM) at MnK α ≤ 160 eV. A spectrum run for 15 minutes gave a good continuity statistics and resolution of the peaks. The concentrations of individual elements were determined by using fundamental parameter method inbuilt in X-lab Pro computer software in which matrix effects was counted for. Quality control was carried out using IAEA reference material Trace and Minor Elements in Cabbage (IAEA 359) analyzed with the samples. As Table 1 shows, the experimental values were all in good agreement with the recommended values within 8% accuracy.
RESULTS AND DISCUSSION
In this study the calculation of the MDL of each element was carried out using the turbo-quant method incorporated in the X-lab Pro software package. The minimum detection limits of elemental concentrations in amaranth and cabbage for EDXRF system used in this study are presented in Table 2 . Table 3 shows statistical summary of data in (µg/g) obtained from samples of amaranth. In the table elements that are normally distributed are reported using arithmetic means (A.M ± SEM) whilst elements that follow non normal distribution are reported using geometric means (G.M ×/÷). The t-test from SPSS version 16 was used to statistically compare the mean concentrations of elements obtained in the two groups, (FL and MK). In this test, significant value was taken as p ≤ 0.05.
Amaranth
As Table 3 shows the differences of concentration levels of elements between the two groups of amaranth were minor. Samples from farms had significant (p ≤ 0.05) higher concentration of only Zn, while Br was significant (p ≤ 0.05) higher in MK than FL. The difference for the rest of the elements were not statistical significant.
The Cd values in both groups were below MDL value of 6 µg/g of the EDXRF system used in this study. However, the 6 µg/g (MDL) is 30 times higher than 0.2 µg/g set as minimum tolerable limit (MTL) by FAO/WHO [16] . The MDL value was also higher than 0.4 µg/g, and 5.27 µg/g reported in 2 different studies of amaranth from Dar es Salaam [9, 17] . On the other hand, the MDL value in this study was lower than the mean concentration values of Cd in amaranth grown in a heavy contaminated area in India [18] . As Cd is toxic and carcinogenic further analysis using instrument with lower MDL is recommended.
The mean concentrations of Pb in both groups of sample were approximately 3 times higher than 0.3 µg/g, set as MTL by FAO/WHO [16] . Pb is in high concentrations in amaranth analyzed in this study probably because majority of the farms are located near the main roads where they receive high amount of Pb from the road traffic. The mean concentration of Pb in this study were comparable to the values reported by Othman, 2001 in samples from farms which are located along the high ways in Dar es Salaam [9] . However, this value was much lower than the mean concentrations in amaranth The values in the brackets shows the range of concentrations (min-max).
reported in Nigeria and India [18] [19] [20] . The concentrations of Cr in samples from amaranth in this study lie between 1.66 -4.65 µg/g. This value is lower than the range reported in contaminated amaranth from Varanasi, India [21] . The range of Cr in this study was also found to be in the range of that reported in samples collected in different areas of Dar es Salaam (1.15 -6.13) µg/g [17] . Table 4 shows the concentration of elements determined in samples of cabbage. The elements that are normally distributed are reported using arithmetic means while elements that were not normal distributed are reported using geometric means.
Cabbage
As Table 4 shows there are big differences of mean elemental concentration between samples from farms (FL) and those from markets (MK). The t-test indicated that samples from FL had significantly (p ≤ 0.05) higher values of Al, Cl, Fe, Cu, and Zn, while MK had significant higher concentration of Br and I. The mean concentration of Pb was found to be comparable to the mean concentrations reported in different locations in Dar es Salaam [9] . However, the value was above the MTL of 0.3 µg/g set by FAO/WHO [16] .
The concentrations of Cd and Ni from samples of cabbage collected at Mwera are presented in a separate table (Table 5) . This is because the Cd and Ni concentrations in samples from this farm are extremely higher than the concentration values obtained in samples of cabbage collected from other areas in Zanzibar.
The mean concentration of Ni in samples from Mwera was lower than those reported in literature reviewed in this work [5, 18, 20] . However the value was above MTL of 0.2 µg/g set by FAO/WHO [16] . On the other hand, Cd was found in mean concentration which was approximately 208 times higher than 0.2 µg/g value set as MTL by FAO/WHO [16] . The farm in which the samples were collected was reported to use phosphate fertilizer commonly known as booster. Phosphate fertilizers have been shown to contain high amount of heavy metals including Cd and Ni [11] . Thus long term accumulation of these elements in soil might have been passed to the vegetables through a root uptake. The concentrations of Cd found in sample from this farm are alarming hence; further analysis which will include more samples is needed to have a definite statistical conclusion. Figures 2(a)-(d) compare the mean concentration values of elements in amaranth with those found in cabbage. The t-test indicated that, samples of amaranth had significantly (p ≤ 0.05) higher concentration of Al, Cl, Cr, Mn, Fe and Zn than samples of cabbage. The mean concentrations of Zn and Fe in a aranth were 58 ± 5 µg/g m In this study toxic elements Co and As were found to be below MDL. However, the MDL for Co and As in this study were higher than their values reported in literature [20, 22] . Al, Cl and Br, were not reported in any of the literature reviewed in this study, however, they were found in high concentrations in all samples of amaranth and cabbage from UW Zanzibar.
CONCLUSION
Thirteen elements which are Al, Cl, Cr, Mn, Fe, Ni, Cu, Zn, Br, Ag, Cd, I and Pb were determined in concentration above the MDL of the EDXRF system used in this study. The MDL for Co and As were higher than the range of these elements reported in vegetables in literature. The MDL for Cd in this study was also high (6 µg/g), hence Cd was not reported in any sample of reported in any sample of amaranth and was found in only 33% of the total samples of cabbage analyzed in this study. The mean concentration of Cd in samples of cabbage collected at Mwera was extremely high. This value (41.55 µg/g) is 208 times higher than MTL (0.2 µg/g) for Cd set by FAO/WHO. The value is also higher than the mean values reported from contaminated areas in Dar es Salaam. The high concentrations of Cd in cabbage from Mwera are associated with the applications of fertilizer commonly known as booster. The concentrations of Cr in both vegetables were within the MTL set by FAO/WHO. The concentrations of Pb were found to be similar to the values reported in samples from different places in Dar es Salaam. However, these values were above the MTL set by FAO/WHO. The concentrations of the essential elements were significantly higher (p < 0.05) in samples of amaranth than cabbage. However, samples of cabbage had higher concentrations of toxic elements Cd and Ni. Therefore, consumption of amaranth and cabbage from UW Zanzibar may expose consumers to elements which are hazardous to their health. The toxicity is more in cabbage than amaranth.
